The stem bark of Polyalthia simiarum has yielded a new bisnor-type clerodane diterpenoid, 2-oxo-14,15-bisnor-3,11Ekolavadien-13-one (1), and three previously known clerodane derivatives, kolavenic acid (2), 16β-hydroxycleroda-3,13(14)Zdien-15,16-olide (3), and 16-oxocleroda-3,13(14)E-dien-15-oic acid (4). The structures of these compounds were unambiguously determined by extensive NMR studies as well as by comparison with related compounds. Till now this is the second report of the occurrence of any unusual C-18 clerodane diterpenoid from nature. The crude light petroleum extract and the purified compound 3 demonstrated moderate free radical scavenging activity with IC 50 values of 21.5 and 23.5 μg/mL, respectively.
The genus Polyalthia (Annonaceae) comprises about 70 species, out of which only eight are indigenous to the Indian subcontinent. These include P. longifolia, P. longifolia var. pendulla, P. simiarium, P. suberosa, P. cerasoides, P. fragens, P. coffeoides and P. jentensii [1] . P. simiarum Hook f. and Thom., locally known as Arjan, is a very tall tree which grows in Cox's Bazaar hillside of Bangladesh. It is also available in India, Bhutan, Burma, Thailand, Laos and Vietnam [2] . In the traditional system of medicine, the plants are used as a bitter tonic, abortifacient, febrifuge, a cure for scorpion strings, hypertension and as a respiratory stimulant [3] . Biological evaluations of Polyalthia species have shown them to exhibit cytotoxic, antimicrobial [4, 5] , anticancer [6] , antimalarial, antimycobacterial [7, 8] , and HIV-inhibitory [9] activities. A recent and comprehensive review of the constituents of Polyalthia species [10] has revealed that although P. simiarum has never been subjected to chemical studies, previous investigations on Polyalthia species resulted in the isolation of various types of secondary metabolites, including alkaloids, acetogenins, clerodane diterpenes, triterpenes, benzopyran derivatives, flavonoids, and polyacetylenes. In continuation of our studies on Compounds 2, 3, and 4 were readily identified as kolavenic acid [11] , 16β-hydroxycleroda-3,13(14)Zdien-15,16-olide [12] , and 16-oxocleroda-3,13(14)Edien-15-oic acid [13] , respectively by extensive analyses of their 1 H-and 13 C-NMR spectral data and by comparison with previously reported values. The identity of compounds 2-4 was further substantiated by Co-TLC with authentic samples previously isolated in our laboratory.
The ESI mass spectrum of 1 showed the pseudo molecular ion peak for [M+Na] + at m/z 297.2, consistent with the molecular formula, C 18 H 26 O 2 . The 13 C NMR spectral data of 1 (Table 1) displayed 18 carbon resonances, which was in support of the molecular formula. These spectral features indicated that compound 1 was a bisnor-type diterpenoid [12] . The DEPT and HSQC experiments indicated that 13 out of the 18 carbons in 1 had attached protons. The 1 H NMR (Table 1 ) spectrum of this compound exhibited two vicinally coupled doublets (J = 16.0 Hz) at δ 6.00 and 6.40, and a three protons singlet at 2.24, characteristic of an acetyl group. This was further supported by a carbonyl group at δ C 199.5 and two methine carbons at δ C 154.9 and 130.6, and a methyl carbon at δ C 27.6 and allowed us to draw the partial structure, -CH=CH-CO-CH 3 . These data are in close agreement to those published for a similar side chain in 14,15-bisnor-3,11E-kolavadien-13-one (5) [6, 12] . The remaining signals in the NMR spectra, assignable to the bicyclic diterpenoid moiety included three methyl group resonances (δ H 0.74, δ C 16.1; δ H 0.98, δ C 12.0; δ H 1.13, δ C 18.9), an olefinic methyl at δ H 1.89 (δ C 18.1), and an olefinic proton singlet of one proton intensity at δ 5.71. The last signal at δ 5.71 attached to a carbon at 125.9, as evidenced by HSQC, could be assigned to H-3. An ABX system was also evident from the 1 kolavadien-13-one (5) isolated from P. viridis [12] and P. longifolia var. pendulla [16] are available in the literature. Thus, 2-oxo-14,15-bisnor-3,11E-kolavadien-13-one (1) represents the second report of the isolation of any 18-carbon containing bisnor-clerodane diterpenoid from nature.
Clerodane diterpenoids have previously been used as chemotaxonomic markers in the systematic study of Annonaceous plants, including Polyalthia species [17] . The isolation of compounds 1-4 from P. simiarum further supports its close relationship with other Polyalthia species.
The crude light petroleum extract and purified diterpenoids, 2 and 3 were subjected to antioxidant screening through their free radical scavenging activity by 1,1-diphenyl-2-picrylhydrazyl (DPPH). The light petroleum extract and the isolated compound, 16β-hydroxycleroda-3,13(14)Z-dien-15,16-olide (3) demonstrated moderate antioxidant activity with IC 50 values of 21.5 and 23.5 μg/mL, respectively as compared with a standard antioxidant, tert-butyl-1hydroxytoluene (BHT), the IC 50 value for which was 9 μg/mL; the IC 50 value for kolavenic acid (2) was 62 μg/mL. Thus, the extractives of P. samarium are worthy of consideration as a potential candidate for further chemical and biological evaluation.
Experimental

General experimental procedures:
Mass measurements were conducted on a Micromass Q-TOF Ultima Gloval Tandem mass spectrometer. 1 H-and 13 C-NMR spectra were acquired with a Bruker AMX-400 (400 MHz for 1 H and 100 MHz for 13 C) spectrometer and the spectra were referenced to the residual non-deuterated solvent signals. J-modulated 13 C spectra were acquired with a relaxation time (d1) of 4 s. Column chromatography (CC) was performed with silica gel (Kieselgel 60, 70-230 mesh, Merck), while TLC and preparative TLC (pTLC) were performed by using silica gel 60 PF 254 on glass plates (5 × 20 and 20 × 20 cm, thickness 0.5 mm) and the compounds were visualized under UV light (254 and 366 nm) and by spraying the developed plates with vanillin-sulfuric acid, followed by heating at 110 o C for 5-10 mins.
Plant materials:
The stem bark of P. simiarum was collected from Mirpur, Dhaka in June, 2008 and was identified by Mr Sarder Nasir Uddin, Scientific Officer, Bangladesh National Herbarium, Dhaka, where a voucher specimen (DACB-34201) representing this collection has been deposited.
Extraction and isolation:
The air-dried powdered stem bark (750 g) was sequentially extracted in a Soxhlet apparatus with light petroleum (60-80ºC) followed by EtOAc. The conc. crude light petroleum extract (700 mg) was subjected to CC over silica gel using n-hexane, EtOAc, and MeOH mixtures in order of increasing polarities. A total of 150 fractions, each 20 mL, was collected in test tubes. pTLC of column fractions [16] [17] [18] [19] [20] [21] [22] and 50-60 eluted with 7.5-10 and 15-20% EtOAc in n-hexane using toluene-EtOAc-AcOH (98:2:1) and (92:8:1) as the developing solvents afforded compounds 1 (9.5 mg) and 2 (8.4 mg), respectively. Similar pTLC of column fractions 66-68 and 87-102 eluted with 20-30 and 50-100% EtOAc in n-hexane using toluene-EtOAc-AcOH (90:10:1), and (70:30:1) as the mobile phase yielded compounds 3 (10.2 mg) and 4 (1.5 mg), respectively. Kolavenic acid (2) Colorless gum. 1 H and 13 C NMR spectroscopic data were identical to previously recorded values [11] .
2-Oxo-14,15-bisnor-3,11E-kolavadien-13-one
16β-Hydroxycleroda-3,13( 14)Z-dien-15,16-olide (3)
Amorphous white mass. 1 H and 13 C NMR spectra were superimposable on spectra recorded for an authentic sample and also in close agreement with published values [12, 18] .
16-Oxocleroda-3,13(14)E-dien-15-oic acid (4)
Colorless gum. 1 H and 13 C NMR spectroscopic data were comparable to literature values [13] .
Antioxidant activity:
The antioxidant activity (free radical scavenging activity) of the crude light petroleum extract of stem bark of P. simiarum and purified compounds 2 and 3 on the stable radical 1,1-diphenyl-2picrylhydrazyl (DPPH) was determined by Brand-Williams assay [19] . In brief, 2.0 mg of crude extract, and each of the compounds 2 and 3 was dissolved in methanol and solutions of varying concentrations such as 500, 250, 125, 62.50, 31.25, 15.62, 7.81, 3.91, 1.95, and 0.98 μg/mL were obtained by serial dilution. Then, 2.0 mL of the methanol solution of the extractive of each concentration was mixed with 3.0 mL of a DPPHmethanol solution (20 µg/mL), and allowed to stand for 20 mins for the reaction to occur and the absorbance was determined at 517 nm. The corresponding percentages of inhibition were calculated by using the 1546 Natural Product Communications Vol. 5 (10) 2010
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following equation: % inhibition = [1-(A sample / A control )] × 100. Then % inhibitions were plotted against the respective concentrations used and the IC 50 value was calculated from the graph by using tert-butyl-1hydroxytoluene (BHT), a potential antioxidant as the positive control.
